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thus to activate a class of CNS
targets that would in turn act
broadly on targets further
downstream. In some cases, these
actions will likely be ‘activational’.
Indeed, consistent with previous
findings [10], Kim et al. [1] found
that ablation of the CCAP neurons
completely prevents the
expression of ecdysis. In other
cases, such actions will likely be
‘modulatory’: For instance, Kim
et al. [1] showed that ablationof the
Tv neurons causes no obvious
defects in ecdysis behavior. A
similar but probablymore complex
situation obtains for EH neurons.
Indeed, genetic ablation of EH
neurons causes quantitative
changes to the ecdysis behaviors
of the larva [19], a non-fatal
disorganization in the events that
take place at adult emergence [20],
and, paradoxically, renders the
animals insensitive to ETH
[16,19,20]. Identifying the targets
of these downstream
neuropeptides will help elucidate
the nature of these actions, and
may also identify central pattern
generators underlying different
phases of this innate behavioral
sequence. The unraveling of these
mysteries will undoubtedly shed
light into the neural and endocrine
bases of ecdysis, and continue to
provide important principles
regarding how neuropeptide
hormones regulate animal
behavior in general.
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R684Replication Termination:
Mechanism of Polar Arrest
Revealed
The Tus–Ter protein–DNA complex of Escherichia coli blocks
progression of DNA replication from only one direction at the replication
terminus. As the replication fork helicase unwinds one side of Ter,
a conserved cytosine flips out of the duplex and binds to Tus, thereby
creating a locked complex that blocks the advancing helicase.Daniel L. Kaplan
Replication of the circular
chromosome of the bacterium
Escherichia coli initiates at a
unique origin, with two replication
assemblies, known as replisomes,
which advance in opposite
directions from the replication
initiation site. The replisomes
move bidirectionally around thecircular chromosome, and
eventually approach the
replication terminus — located
opposite the initiation site — from
opposing directions. The
replication terminus contains DNA
sites called ‘Ter’ which are each
bound by the protein monomer
Tus [1–3]. The Tus–Ter complex
can block a replisome
approaching from one direction,
Dispatch
R685but not the other [4,5]. Despite
many years of biochemical study
and crystal structure analyses [6],
the mechanism explaining how
the Tus–Ter complex blocks a
replisome approaching from
only one direction — ‘polar
arrest’ — has until now remained
elusive. A recent study by Mulcair
et al. [7] has now revealed
the mechanism underlying
Tus–Ter-mediated polar arrest.
The asymmetric Tus–Ter
complex has one face that blocks
replisome progression, the
‘nonpermissive’ face,andasecond
face that allows replication to
continue, the ‘permissive’ face
(Figure 1A) [8,9]. Mulcair et al. [7]
measured the rate of dissociation
of Tus from Ter DNA that had been
melted at either end (the synthetic
DNA contained mismatched base
pairs at various positions to mimic
unwinding). When five base pairs
at the nonpermissive side of the
Ter site were melted, Tus
dissociated about 40-fold more
slowly compared to its rate of
dissociation from fully annealed
DNA. Furthermore, the unwinding
of one particular base pair, the
strictly conserved cytosine at
position 6 (C6), was shown to be
primarily responsible for the
dramatic increase in complex
stability. Crystal structure analysis
demonstrated that the unpaired
C6 flips out of the duplex and is
gripped by the Tus protein [7],
explaining why this partially
unwound Tus–Ter complex is
locked.
These elegant results explain
why the replisome is blocked by
the nonpermissive face of the
Tus–Ter complex. As the
replication fork helicase
approaches the nonpermissive
face (Figure 1B), unwinding of Ter
DNAallows the Tus protein to latch
onto the C6 base (Figure 1C). This
locked Tus–Ter complex cannot
be dislodged by the advancing
helicase, and the replication
proteins may then disassemble
from the DNA (Figure 1D) [10].
When base pairs at the
permissive face of the Ter site
were unwound, the opposite result
was obtained: the Tus–Ter
complex became destabilized.
Furthermore, as base pairs were
sequentially melted along the5′
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Figure 1. Model for replica-
tion termination in E. coli.
(A) The Tus protein is
bound to the DNA se-
quence Ter. The asymmet-
ric Tus protein has a face
that does not permit DnaB
helicase passage (left), and
a face that permits passage
(right). (B) A replisome —
the replication apparatus
composed of DnaB heli-
case, polymerase III holo-
enzyme, and other pro-
teins — approaches the
nonpermissive face of the
Tus–Ter complex. (C) As
the DNA is unwound, a cyto-
sine at position 6 of Ter flips
out of the duplex and binds
to the Tus protein. This ad-
ditional binding interaction
increases the affinity of
Tus for Ter. (D) At this point,
the replisome may disas-
semble from the DNA,
allowing single-stranded
binding protein (SSB) to
grip the free ssDNA.
(E) A second replisome ap-
proaches the permissive
face of the Tus–Ter com-
plex. (F) As the DNA is un-
wound at the permissive
face, there is a stepwise de-
crease in the affinity of Tus
for Ter. Tus is eventually
dislodged from Ter.
(G) Replication is completed.permissive face of Ter, the affinity
of Tus for Ter decreased in
a step-wise manner. These results
explain why the replication fork
helicase approaching the
permissive face of Tus–Ter is not
blocked. As the helicase
progressively unwinds DNA at the
permissive face, the Tus–Ter
complex is gradually weakened
(Figure 1E). The destabilized
Tus–Ter complex may bedisplaced by the advancing
helicase (Figure 1F), allowing
replication to proceed through the
Ter site (Figure 1G). Furthermore,
data from the study show that
unwinding at the permissive face
destabilizes the Tus–Ter
complex even when the
nonpermissive face is in the
locked configuration.
In other words, the ‘locked’
complexmaybe ‘unlocked’byDNA
Animal Cognition: Know Your
Enemy
Food-storing corvids are able to remember which individual saw them
store food, and take preventive action that is tailored to that particular
competitor’s knowledge. This raises the question of whether abilities like
‘theory of mind’ have arisen independently more than once in evolution.
Richard W. Byrne
How do we know that an animal is
intelligent? Or, more to the point,
what clues are we using when we
attribute the very human quality
of ‘intelligence’ to an animal?
There is always a risk of
anthropomorphism, but in fact
a study that swapped accounts of
complex behaviour between
different species, ranging from
humans to rabbits, found no effect
of species on lay people’s
judgements of whether the
behaviour was intelligent [1].
Evidently we mainly rely on the
behaviour itself. Species that have
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Thus, if the first replisome to
approach the Ter site arrives at the
nonpermissive face, the Tus–Ter
complex will become locked and
block the helicase (Figure 1A–D).
But when the second replisome
later approaches the permissive
face of Tus–Ter, unwinding at that
face may weaken the locked
complex sufficiently to allow the
second replisome to proceed
through the Tus–Ter complex
(Figure 1E–G).
The Mulcair et al. [7] work
demonstrates that partially
unwound DNA is responsible for
polar arrest mediated by the
Tus–Ter complex, as no helicase
protein was used in this study. The
results suggest that polar arrest is
dependent uponunwindingaction,
and not the particular helicase
protein. In fact, it was previously
reported that the Tus–Ter complex
blocks several unrelated helicases
in a polar manner [8,9,11–14],
supporting the idea that polar
mediated arrest is intrinsic to the
Tus–Ter complex. The new study
provides a mechanistic rationale
for these earlier data. However,
polar arrest may be mediated by
additional mechanisms. For
example, it has been reported that
DnaB makes specific contacts
with the Tus protein which may
contribute to polar arrest [15], and
a complete description of the
Tus–Ter polar arrest mechanism
may therefore be quite complex.
The base-flipping of Ter C6 is
reminiscent of DNA structural
modulations that are catalyzed by
base excision repair enzymes and
DNA methyltransferases [16,17].
These enzymes also bind tightly to
a base that is flipped-out of duplex
DNA.However, there are important
structural differences between the
Tus–Ter interaction and these
other enzymes. In the base repair
and methyltransferases, the DNA
duplex remains annealed on either
side of the flipped-out base. In
contrast, at least five base-pairs
must be melted in Ter DNA to form
the locked structure with Tus.
Furthermore, Tus binds Ter at the
flipped out C6 and also at the
adjacent unpaired A7 nucleotide.
Thus, the Tus–Ter complex uses
a distinct, dynamic mechanism
to stabilize protein binding topartially unwound DNA, creating
a one-way block to the advancing
replisome. Researchers can now
investigate if this elegant
mechanism is utilized by other
protein–DNA machines.
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